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(54)TitIe: JITTER MEASURING DEVICE AND METHOD 




(57) Abstract 

Jitter measuring device including a Hilbert pair generator (1 1) For transforming a measured signal into an analysis signal of complex 
number, a momentary phase estimator (12) for estimating the momentary phase of the analysis signal, a linear phase eliminator (13) for 
determining the phase noise waveform by subtracting the linear phase from the momentary phase, and a peak-to-peak detector (14) for 
determining the RMS jitter and the peak jitter from the phase noise waveform, and a mean square detector (15). 
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w m m 

Z.<D&m\±MZ.t£-v( ? D^ytV? (microcomputer) \H(D&m? * y ? 

ffi^T-^«^ ^om, mmmztetfZT-trm^ m&m&ft novum 

5 # N -#©{f 4§- VyftDMfozbZfD&W \tmm X & £ t> O T* fc 5 „ 
ii^ 30 ^C0P^[C VLSI (Very Large Scale Integrated Circuit) ^y^iCD 

^n^^^^n-^JWt) Moore tDMO^^oT^MM^ttJH 

UKttT^S, ^jft-eii-o^oy^JSSttlii. o gh z ©PB#&sg;i«fc 5 

i: LT^-So (For example, see: Naoaki Aoki, H. P. Hofstee, and S. Dong; 
"GHz MICROPROCESSOR", IPSJ Magazine vol. 39, No. 7, July 1998) D Hi |± 
Semiconductor Industry Association: "The National Technology Roadmap for 
Semiconductors, 1997" I-HIMf^ tlTt ^5 T^i p P n > tfa- ^ 6D^ u y $ Jijifjj 
<DW&%7F-$"h<DX*hZ> a ;©@lWiRMS^y^ (root mean square 
jitter) t^By h^ilTV^, 

fE&JfeU riX^fiffilHl^/U-^ (phase-locked loop: PLL) @S§^A^lh5 ' 
ItMcXfefc (maximum likelihood estimation) (C^JS"TS 0 Ltf»U $Heffc«f 

<omm^£ "9 fftfi^^ii^f- * l < Bit*t/fv> t # ta±, a 
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GaAs ^ CMOS * V % T VLSI ft cF tlX t > 5 0 

©f-'f^-'l'^FM (cycle time) ^^JS1"5 0 (For example, see: Mike Johnson; 
"Superscale Microprocessor Design", Prentice-Hall, Inc., 199l) 0 9 n y $ 

t&ffiSftSo — 0ltLt@ 2 Pentium ^-y^Sr^i". H 2 f^*SV>T &V^$ 
(□) (±^n;/^JB£|5J8$ : ^l/C^5a ^^^^^^^^^^^-^(iCMO 
S (complementary metal-oxide semiconductor) ^P^-^^flJJl LT^tljScFt'L 
3 D 

iift^^xAt?(±ip^)^y^ (RMS jitter) Xl± RMS y 9 ^MMVh S„ 

S/^(l, \?~#i?yj> (peak-to-peak jitter ; S^^WftM) #-t<Z)SMEJB 
lot, t-< tu^y\?^~?<D?Ll]sm<DTx H^i, *?y ?<DmW%iE 

r. 5„ 

^HfcfcfU Mv'^-r^^PLLlElSg^x^ Mr(±, RMS ^y^SrEW^ase 

{mmm^-zf®$& (plliu^) ^7^^y^M5 0 5-jcp>nfc& 
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?u®n<D[*i&m%-n-vtbz>w£Miffims (vco> imm^wiz^mvzzm 

r©3S^tB8«1-«PLLgIK{±s ffifflJSIi£#t&ajS& (phase-frequency 
detector), ^-V ™ v^^y^IIJEEg (charge pump circuit) , ~fy 4 /V<? 
(loop filter), AtfVCO^fcflljfcSftSc ^ 4 PLL HISS^S^E^fS^^y 

l»«^Sr^1-^ny^|g-C*,U, 2o©Df7!)^7n y yD-FFl, D- 
FF 2 t lo©AND^- h J: 5 HTV^S. Il©D Jf^T 7 y y/7n 5,7 

D-FF 1 CO^ P y^SHf c k tfl£!p^ P yf (Reference Clock) *fc, 
%2(DDM7 y-7 7°7D'7 7°D-FF2(0^n y^Sffi^ c k (H|± PLL ?Uy9 
(PLL Clock) ^tftflHSixSo ^-^A^^Di-fSMtif 'i' z^fe^^iT 

45t, and^ 1 - h^fs^y ^ny^yt? n-5„ fit@^^«m^i±, 

.Jifii^tri£<-t"5DOWNfS#SrtB^Ji-So (For example, see: R. Jacob 
Baker, Harry ff. Li, and David E. Boyce; "CMOS Circuit Design, Layout, 
and Simulation", IEEE Press, 1998) D 

ffitejasftfcmss (pfd) <Diktm&m*m6\c7f:i- 0 imm&mtm&n, 

mm? p y ? t PLL ^ p y ? <D&h ii^ 0 ^ y ^ «t fluffs 
7i£^H-J: 4 OMHz tf)£2fl^ p yy {Ref Clock) KSfrLPLL^Py^tfS 

j&^n^W^ll^ UPff^ffiT^itS. Sl^o^i PLL^n^i: 

K-fSi, &ttm&&&lii&\i&.<0&Wl*&-t-Z> 9 (For example, see: R. 
Jacob Baker, Harry IV. Li, and David E. Boyce; "CMOS Circuit Design, 
Layout, and Simulation", IEEE Press, 1998). 



PCT/JPOO/00644 



(iii) ^-7 P ^o S /^^(±2 0<D|±l^f±*t^affl '0' TfcSri^ ^-7"^ 

fcMSUT^&^i, feS^lC^^^T^y (hang-up) LTL£5o 

|±0 (i?p) T'fcSo t£oT, 

(iv) ffiffi^as^ktfettiStd^tlFlwSSfiSTfeSo 

^^-^vyiEissii, w^sMtti^ (pfd) frb^mm^Ws d 

OWN^«7tn^ffW/t/ (i p , -i p , 0) \Z.WIMrZ> 0 -t^Sf&Bu 

¥^%-U^/\s^<D^&ft&^:tt£Z>frb-?fo% a (For example, see: Floyd M. 
Gardner; "Phaselock Techniques", 2nd edition, John Wiley & Sons, 1979; 
and Heinrich Meyr and Gerd Ascheid; "Synchronization in Digital 
Communications", vol. 1, John Wiley k Sons, 1990) „ 

HI 8 bt^1-«fc-5{rft(7)^^*I^#A-rs 0 ilff^UPiDOWN^ia 
r ©i$|iBiniB;fc*ttM 1:5. lot, ^*fi t ©«rraraB!owi± 

i p =I p sgn(x) (2. 1. 1) 
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i p =0 (2.1.2) 

kf£Z)a (For example, see: Mark Van Paemel; "Analysis of a Charge-Pump 
PLL: A New Model", IEEE Trans. Commun. , vol. 42, pp. 2490-2498, 1994) D 

sgn(x)l4ff*Hft-e*>5. r^]E©i#t:+l©IM^ ^<Dx\C 

/v— ^7 ^u^it^-^vyiiisg coffin i p^r-^n v CTEL ^ 

—Zf7j/V?%m$X°%& 0 (2. 1. 1), (2. 1. 2) itT*^^Lb^5^5Si p 

h, m 9 b i^th- j; 5 mmmm v CTRL {±^^t«ok y ^t^«i-5 0 i&vm 

WICfcV^Tti, IW»«JEV (m li-3£©ffl[©**-C*>5 Jtffl Mark Van 

Paemel ©jCfifc#flg) 0 

V CT RL(t)=^ t t 0 ipWdx+VcniL(to). 

V C TRL(t) = I p R 2 + ^(t-t 0 ) + VcTRL(to) <2- 2) 

(3l3§fi*tl5o (For example, see: Jose Alvarez, Hector Sanchez, Gianfranco 
Gerosa and Roger Countryman; "A Wide-bandwidth Low-voltage PLL for Power 
PC Microprocessors", IEEE J. Solid-State Circuits, vol.30, pp. 383-391, 
1995; and Behzad Razavi; "Monolithic Phase-Locked Loops and Clock 
Recovery Circuits: Theory and Design", IEEE Press, 1996) 0 Z<D%VRfc1$\,^ 
TflRonaldE. Best I itfcV \ iV--f? 4 )V* *M 1 0 K^rSHfil? 

{f-yj/Vf t Lfc. (see: Ronald E. Best; "Phase-Locked Loops", 3rd 
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edition, McGraw-Hill, 1997) 0 faftftlbfi, 3.© Ronald E. Best <DXmcm^ 

Xco^^4 i/vi/i/b a- K u > &f#ofc £>, ftiL© * 4 "f<n y a )v$ v > 

TU!ly h^*V^?>-e*>5o Hi OlC&^TC = 250 pF, R L = 920Q, R 2 = 

3wntmmLtz a vam, a 1 1 ? 1 salons >r:"<-#r in 

■ 1, IN- 2,- ■ - , IN- 1 3}' «t l3#|fie$n-CI/^ 0 H^MffliS VT? 

f VCO = K VCO v CTRL ( 2 - 3 > 

PLL *SR»|^ffi (S^P^t PLL ?vy?<D±Lh±&*)^yi>tf~$(lLX 
^y/@^-/7 VCO S±fH^-£^ •? © "9 *r, tfcSTOrtBMfcffi 

ffiftjaiftftiftasttupxiiDownft^tti^-ra,, fta©^-^* 
s 0 lot, pll inKtortSfijt^srai^-t-s^tt, pll ®®&mmvzmz~f5& 

m&hZ>z.k&ftfrZ> 0 -jj, PLL M-5fc* 

PLLiHgg^Mil#^it5^g^fc^ 0 
^P-^m^^li, ? o y ? to St ±a« 0 B#F B 1i £ *, "3 

Affair P 5/ ^ ^^^■(D^/^M^^fWtAZ.tlhc (For example, see: Ron K. 
Poon; "Computer Circuits Electrical Design", Prentice-Hall, Inc., 1995) 0 
HI 1 2 !w, ? p y */«/u*#lo>£*,_b&s 9 B#P«1 1 .vi^T^ "9 ^FIW© *sv 9 &m-r o 
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Ef"C(fo5 0 (For example, see: Todd C. Weigandt, Beomsup Kim and Paul R. 
Gray; "Analysis of Timing Jitter in CMOS Ring Oscillators", 
International Symposium on Circuits and System, 1994) 0 Z-0)ti$), ZL(D 

vco <DmM%LB<D 7 y?J* (DfyteWfet* tr (i, vco J^w«Sm$ 

-<fcj;?5£, PLL iaB^^^5»A^«#tt-^flJI)!tJlt*^l6«fU»tt, 
ftfSit PLL ElK^&WlgSSr^je Ljfc^i 5 ~ t ^SS-cfcSo 
*8t©«£;&4rB l 3 fc^-r o 

Acos(2icf 0 t)©iK(s«)*/JMi£-ASrO 1 A £ loo Xi-TS t, 5 

0 l"</Wifig-tf a S. W^ir o U-</u^m^> #4 > b Sr-t? p ^ u 
^ (zero crossings) i:t^-S^ Q 

SBStSS (oscillator) *»&3S^Sn<5=1»->f^jftS:Wtb-CM*t* (phase 
noise) £§i!i1-6 0 SM^fff (ideal oscillator) <D&Mt^ X IDEAL (t) J±3I 

X ideal (t) = A c COS (2llf c t + 6 C ) (2.4) 

Xqsc (t) = [A c +E (t) ] cos (2%f C t+0 C +A<f) (t) ) (2. 5. I) 



X osc (t) =A C cos (27rf c t+0 c +A$ (t) ) 



(2. 5. 2) 
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SB (0, 2tc) ©«iBT?- 5 o fltfStt ff A*(t) l± 7 >^Af- * 

%-7uyhLfz 0 Zft^(Dm^*St%i-t%t, A<j>(t) cofcft^X 0SC (t)(D^n ^ 

m^<nBmz / £wm$:$k f 0 ra©*^ h/L-Mi: Lriij^nSo mist 

cZ^tbfrlX 5 t*bX*fo%> a Sot, I0W|^if5t°-^^ 7 ^iJ 

nr.-?, pll m^^mmAti^mummx /^/7^^a^s?)(« 

Jt^tr^LV^iSr^fj^^i-S,, {see: Floyd M. Gardner; "Phaselock 
Techniques", 2nd edition, John Wiley & Sons, 1979; and John G. Proakis; 
"Digital Communications", 2nd edition, McGraw-Hill, 1989) Q PLL EH [Eg 

PLL IHSSfi, ^if>lifcS$fI^ 

X ref (t) = A c cos(2jtf c t) (2.6) 
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X noise (t) =n s (t) cos (27tf c t) -n q (t) sin (2wf c t) (2. 7) 
vco <d$£W&M 

X vco (t) = COS (2%f C t+A(f)) (2.8) 

ts?itfx ref (t)+x noise (t)ii^t^ia^ l, 3iEH«js^*caEift-r5 0 

xp D (t) = K PD ^ C os(A*) + ^cos(A*)-^sin(A*)j 

= ^ A |cos(A<|>)+^co5(A4)-^sin(A<l,)jj (2. 9) 

^noise.LPF(t) = ^cos(A ( |))-^sin(A ( t») (2. 10) 

f^w^^^-r 0 pll mig^MA^^^ftw^^^^-x^^ 

N 0 [V 2 /Hz]irf££ih3 i, 5t (2. 10) r<D^-y^M/^A^S«tt#P 

Gnn (f)=^-[V 2 /Hz] ' (2.11) 
A c 
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£ kin, R(2.9)£*) VCO ©ilSI t mmt ^©filfg^A <t> k/2 \z.f£h 

&ji^s 1 , mmxtKoim t vco mti<o{mtt 90 ^ uttisisits. 

jN-f-S (see: Heinrich Meyr and Gerd Ascheid; 
"Synchronization in Digital Communications" , vol. 1, John Wiley &. Sons, 

i990) o mw-(DtM^, e-^ot-tzt, ftfim¥r<D{md 0 i±mmizi$ifci-z o 



Ge o 0o( f ) = l H ( f )| 2G n n ( f ) 



(2. 12) 




(2. 13) 



-i* =^J" 0 ° O iH(f)| 2 G nn (f>df 



(2. 14) 



X-^tLbftZ, ^(2. 11)^5^(2. i4){r{-tAi--5i 
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""M 

N 0 B e 



N 0 B e 

VCO ©rtflHtf J; 5&ffig PLL ffl^j«^-©ffiiaic if© J; 5 KIB 
#i"5^^-OV^T^fti"5 (see: Heinrich Meyr and Gerd Ascheid; 
"Synchronization in Digital Communications", vol. 1, John Wiley & Sons, 
1990) o VC0COffi^{f^& 

x vco> noise = A c cos(2^f c t + 9 p (t) + y<t)) (2.16) 

e p (t)(±an vco otft-cijS. ^ioiUf/^'^w 

9 p (s) fi 

e p (s) = Kp D K VC 0— ^(s) (2.17) 
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o(s)=e i (s)-e 0 (s)=e I (s)-(e p (s) + T(s)J a is) 

5^(2. 17)©8p(s) ££(2. 18) t 

<D(s) = 8 i ( S )-^ KppK VC0 F ( s ) o ( s ) + ^( s )j (2 . 19) 

s 

£fc3„ 5Et (2. 1 3) S:5C (2. 2 0.1) WUtSt 
<D(s) = (l - H(s))(0i (s)- <F(s)) (2. 20. 2) 

Sr#S. Hot, VC0©rt*^#fc«t3tete»e>t?tt 

°* =^J 0 °°|l-H(f)| 2 Gw(f)df (2.21) 
<tft5«, HP*?, VCO <7}FW£*@«f±, K^iiig^^/U^Sriiofc^^ PLL 0 

rt^J; 9t, vco (Drtgf5«^f± vco <2£fi&^wte4B*t#K#<5, 
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pll m%(omm^ vco <Dft%mM%\% vco <n&fflm<offlRffi&\z.mBk 
\mmw.&9! commit Lxmmztiz* ifot, pll m^<ommt vco <r>% 

WBESES&tWiTffcS. 1^*51/ ^Ttt. vco tDAfimzmm^ZMH, 

vco o«JgftJI5oiS[ftfc7 ^^AtlEW-ra r £1:: J; "9 9 **y% » a 

10 ftmMv?* HSIHJSriH-S. -^F, VLSI cor^ h*Cfi, h 
Jgiyifctt 100msec Mtf>X* htflW LjNH >? £T fcixfc^o %iX, %%<D*J 
y*»£3Mfel±VLSI (DWtyJ yX<D~r* hWm%X%^\ 

iSy?m/£^&;<DWR\£&t<^xifu? nxi±mw£Mikx*h% 0 mmm^m 
i {^-tr^-x -r it 50%^s®^ n y ^»x dso% (t) S:«aitffito-rK^i-*o 

r<Z)^nsf^jftJ|gOH»ISrTot-rat, ^ © Four i er »i 




(3. l) 



T 0 =|5(f-f 0 ) 



(3.2) 
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Hilbert «i:fi?*Jf{t^ (analytic signal) S;o^TM"f 5 (ii 

tfSCttc 2Sr#B8)„ 
S:(3.1)i»e>^5<t5l-, «J£X a (t)© Fourier £!&Hff*-f 5 fc, iE^Ig 

h/l/ (two-sided power spectrum) tP?tt*ix5 a ;ft<Dlli&#:tf>^^ F/Mi 
MMx^t WMi f = 0 (OmzMLT#$rQ&Z>o mh, S aa (-f) = S aa (f) 0 L 

tt"C^5 0 r.lxf±, jtffi)^^ W-' (one-sided power spectrum) t$¥\ffrl% 0 

G M (f) - 2S M (f) f > 0 (3.3.1) 
G aa (f) =0 f < 0 

G aa (f) = S„(f)[l + sgn(f)] (3.3.2) 

::t*, sgn(f)i4^F-§-MlfcT*fe5o f ^JE<Dt #+ lOffiSrSt 1 !), ft^fi^xtL 

T(±- i««&3 0 r<?»HM^^ »M^§- z (t)^^ h/M^*f 

Jfr1-5„ JWtFff9#z(t)S:B#IBJgHJs!(T?Strt 

z(t) = x a (t)+jx a (t) (3.4) 

x a (t) = H[x a (t)] = lj + °°^dT (3.5) 

7I J-C0 t-T 
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iftSo »!47cOSix a (t)C^t5 0 Jt»ii7G<£»<0 Hilbert '» 
x a (t)T'^^^^5 0 5£(3.5)-t?^LfcJl?iC, feS$;Bx a (t)<0 Hilbert » 

x a (t)li, »x a (t)i: — ^>SiA^ (convolution) T'4i^5, 

5 $M<T> Hilbert Ig^SrJftft-C^So ifflf:, ^f^-yg© 

Hilbert m&%mMirz> 0 

H[cos(2 TC f 0 t)]=-lf +c ° COs(2jtfoT) d, - _l f ^oos(27 t f Q (y + t)) dy 
71 00 t-t 71 y 

= -l[ CO s{2*f^ 

H[cos(2Tcf 0 t)] = sin(27rf 0 t) (3. 6) 

H[sin(2jif 0 t)] = -cos(2jtf 0 t) (3. 7) 

tfcK, ^P ^IfWtSMt© Hilbert SEftSrWtfii- So (flJiffA 
ft c3 &*jfB) 0 HI 2 1 ^aS^ p y?1fcte<D Fourier ftflfctt 

Xd50%(0=2 + -| COS ^ t -3 COs3 7 ^ t + J COs5 ^ t -"-J (3 - 8) 
T-*)5„ Hilbert «!±, 3£(3.6)£ffl^5<b 
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H[Wt)] = f[sin|t-Isin3|t + isin5|t-...] (3.9) 
kftZo ® 2 2n9vy9mtk*<D Gilbert WAtoWttl-. Zfrb<D$iM&, 

zti^tin ii jfc*was^ft-cifc5. ^<nm<DmmT 0 i±2o nS ec 

Stf{||-z(t)tt, J. Dugundji tmWXD&MWt. (envelope) ##J{::3f?*5 
z(t) = A(t)eJ @ W (3.10.1) 



A(t) = V4(t) + x;ft) (3-10.2) 

0(t)=tan_1 [yi] 

£fc5 D A(t)f±X a (t)(7)^M^«1- 0 ^©fcfe, J. Dugundji z(t)^yy-a 
M (pre-envelope) ir^A/Tn^o 0(t) f±X a (t) (DWSlffflfc (instantaneous 

phase) &*i- 0 c^w^^y^js'j^fen, ^(ommmbm-fetzismi 

9z<OT/^ V i J: 9 ff*HHHr#3 r <t 5 C 

1 . ffiii Fourier SElftSrfflv^ftJKSrJii&ftfitt^lElfti-*. 

2. ftwiS^W^^-trD^* 3/ h U iE©^«^^^2f0^-t5 o 

3. ii;ig Fourier tv^0#P B M«^'»t 3o 
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&MTV=7 y?¥mt&M>r-?X hv-k (complex cepstrum) &3£«>5fci&H: 

mmztHtWVhZa M*.t£*ttc$&*M)o ***MSBBftlog(z>* 
e log (z) = 2 t ft 5 ffiK^IS*^ h mm-t 5 t , 



tt^h m*J£X1&K 6&#JB). H#^»X a (n) © Fourier gg&£S a (e jtfl ) t 

^©*r«*I*^ WHog|S a (e ja, )|if£*B*^ r^ARG[S a (e j0) )]£lt 
WWD^M£)1M{^J&£*. Fourier jg^&Srfffc 5 fc, »^ 



Fourier f S»S:I CtHBiS^*(^Sct5 tft, N^Sr 
(unwrapped phase) 3&«#AS*Lfc. 7 > 7 V fitg^«»^l*^i~ 



log(z) = log|zj + jARG(z) 



(3. 11) 



Ca(n) = ^L + >gkP ra | Jfflnd - 

^j:;{log|s a (e^)| +J AR G K(e jffl )]}e^do (3. 12) 



arg | 




dARG 



dn 




(3. 13. 1) 
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arg[s a (ej°)]=0 (3.13.2) 
ZZT*, arg 147^7 y/ffift^3tt, Ronald W. Schafer Donald G. 

1 ARG(o) = 0,C(o) = 0 

'C(k-l)-27t, ifARG(k) - ARG(k - 1) > it 



C(k-l) + 2*. ifARG(k) - ARG(k - 1) < tt 
C(k - 1), otherwise. 



2 C(k) = 

3 arg(k) = ARG(k) + C(k) 



_bisr =f y x a 2 t^*s v ^ x it, m V £ i tfcffi «<fc ft* «t o * t? fo 6 1 M 

^7°fii+i*jEL< b1fiX*%t^\ C©Mfi, Jose M. Tribolet t± 

M) 9 ~<D£ol~LX, ^ 
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argK(e ja )]=ARG^ a (e^)] + 2.l(Q) 

(3. 14) 

(D^Wi I ^T^fe 5 0 Tribolet <T>T JJ Xixli, Kuno P. Zimmermann irjlUfl* 

g(x) = a + bx (3.15) 

(x it yj) 2 SilRiS R fi 

R = I(yi-a-bx 1 ) 2 (3.16) 
i=I 

TffiffiSr*«>5 0 ^(3.i6)co*^P»a £ b(co^T<^«5>£fflf U if air 
g< t 



— =S(yi-a~bxi) = 0 (3.17.1) 
9a i=j 
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^=2x i (y 1 -a-bx i ) = 0 (3.17.2) 



[L ZxiTa]JZyil 

IXxi ixflbj Ll x iyiJ 



(3. 18) 



ktiZo 'lot, 



■?]£>] 



(3. 19) 



LZx?-(Zxi) 2 

b = LSx i y i -£x i £y l (320>2) 
LZxf-(Exi) 2 
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njfHIi^ ff Z> f Jy9 iJCT&M^Tii 9 p y V \t^<D i? y $ J pp 

mmmm^^xm^^h^. Hutu* m^nm® h g& y ? 

J pp kLXfflMkftZa J; otMx.(i=! y t^-^ ^ n y ^ftf © 
m 8 1 a J: 5 i>ym^n^ {f WMM<D$iM<Dm, 'J y 9 3 
1hZ>y-u y?{w ^tf^<z>M;if£#£± >? MAz^XfrZ kMM$iM(0&±Q£tp 
<b\^<Dmm^h<\ %<D&l^(DtL±V&fribfr<D&±VS<Dfflm T int & 
:©WffiT illt 5:t-^^^ Jppi LT^46btL5 D !H2 3^tJ<[li 

^^S(iffita^«fl^y«rflffi!Si-5o ft ^S£^<f %*®mW? nyt \t% 
\cmM£ik, hVtf—iw^-k LT^-v-P^^-^^-f 5o ^p 

m&ftkLxmfeZtiZo :oKliil£i:i*P!S:St5. fiEttft? 



-rai-ewnsgg t i+2 s-eowMsrafifsii, ^^t^^^His, @ 2 




(3.21) 
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Pinst (t i+2 ) =ti^-ti,Pi„ s t (t i+2 ) =2 (t i+2 -t i+1 ) (3. 22. 1) 

finst(ti + 2)=l/Pin S t(ti +2 ) 0-22.2) 

="~-?*m^xim*m.9 p y ^« ^ * c (t) 

x c (t) =A c cos (2nf C t+9 C +A(j) (t) ) (3. 23) 

27rf 0 t 3jt / + 9 C + A<t)(t 3 ^/ ) = ±2m7t + y (3. 24) 

S:*ffc-t-x c {t)o*isi|5i«SH5ri*riKf*-*-5o i^-hri*?):^ i>©-t? p? p 



2*^ ~x c 2 (t) ^ 

-C*4^6tl5 (M^fttic 10&#J8t) o 'lot, P 

/2 

(2 7C A c ) (NTq) (3. 26) 



(3. 25) 
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* S> y 9 J pp3 */ ii^^ fcf- * 'J v 9 J pp WTT'fc 5 o 
J p p=max(A<t.(k))-nun(A<t.(l)) 

it 

n ; (2te) (3. 28) 

1988 ^F, David Chu te?-fiW >^-/</U/t7^ if grUP^ Ufc (WiLttJcffi 
c I 2&t>'c 1 3 W^jf ^-COif n i (2j ! )Oilfin i 

£. (tj, n t ) ilf f - ^ ©f B 1 ^X7 7 ^ >f^t (spline functions) 
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±5l:4ofc, Ljfl»U David Chuw^A-f isf-wr-Ty* if h, mm 

■T =7 A -f t> if n ^ a ^ fe©|5|^SrSi 5 h <Dt*\tt V \ - © §|Bf ^ Srffi^-f- 
* P S>*ffi*© RMS y * HH«E»«IS^*5^Ti!II^*ft5a $J;U±"^- 

(mm) fctt-tznm<D$:±<Q & (mm) o-rtim^ rms j RMS iit* 

@2 9 [C*-^ h7A-T-?-9>fif*fflV^fc RMS PyZM 

M2 8 Umm^x^? h/vftSi'JTlwiSi^ RMS J ms fd^jcS 

OHz ii^P ytmfe&izMfc-fSo 
tmmmfr b. 5£<3. 23) (OttWft^ ft * x c (t) £ gifff £f 

X ref (t) = Acos(27tf c t+ 0 O ) (3.29) 

<Dimmn^(t)^m^^ti^ v z<Dt%wmk{mmm^~-y'®® l <pll e 
®) ^mnLxuzmwm^n-femmxh&frh, imm.m^(t)mmm 
^Btw^jcs-t-So A<j>(t) ^pbhsw t ©uroi l, ®fomm^mmi-% t . 
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S A(() (f) = i 0 T A<l>(t)e- 2,tft dt (3.30) 
GW f > = lim|E[|s A ^(ff ] (3.31) 

Parseval {iffi^M© 2 STOW (mean square value) fi 

E[A* 2 (t)] - Km 7J 0 T A«|) 2 (t)dt = J "G^(f )df (3. 32) 

T-*» 1 

(D^Um. (H&flg) £RMS (root mean square) 5* r/ ^ £ Bf -&„ 



jRMS=^ 0 fMAX G A())A(j) (f)df (3.33) 

sFW^oott, 2 mWfj£(±^mt^«-Cfot), RMS ^^M«f£t 

in 2 s ^ ufc «t e> iz, j m \xz p Ejg&afcro c^(f) ofn-eiEsft^ia 

(0»J;iff:S:ittc 1 5#RB)„ HBRll, 5£ (3.33) fzfc^TMtS 
GA^tfJ^SjKft^iKltf MA x« (2f e -t) -c*&5„ ffiSfcfc&ff. 
HjfiftJ:>)i2:^ffl«ftl5BB© G^(f) t, ? * -y ? m®m<nmm®. 

HRftfKJiiJcKifctf 5 RMS v y * aflSdfi. ftfcfcffilS > fiM^/h 3 1 
»^«, byJ*-T-r?-(-F%:&Mt-t%o ^(3. 33)^H 2 8 frhftfrZ 
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h, 9-i ^^Z-s^VT-rj-i-V ti? Pr? P*&©K#£&*.$fc©-t?fi/«j:V\ 1 
-^T, RMS v^fiX^ ^7A.T-^7^i^ 0 ^fflV^Tll?fei[M^iT'alJ^$tl 

*<z)±, ^raattT*©v?y^a3£t>sia»*(«w rms ^s^si^t, io % 

n&<Dmfemm%&Wti-& 0 VLSI W^^h-CH, f^hliafcD 100msec 

aftof 1 ^ M*iBL*»f(tiar e>n«:v\ Sot, %*©^^^a^ifett 

VLSI W^^nir^-C^T 1 ^ HrftMT'^&V^V^fi^&X^feofc, 
ig^ol * ^ - ^ y/H:-^ ttjlff, "v'-Y ^nnyt'a.' — 9 <D9 & -y 9 ~y y 9 & 

? vu7 7 >r if £ p -c mmmmxmfe * ax-c v * § . «t t> n t ^ ? 

*v9 m^r<0 \f-9'Jy9 1 r Jx b fc M ^TpJ^i"5 K{±, ^ y 

CD DVD tfc-ftS v?3/ ^ffl^aUlSrU£W-^5o CD ^ DVD (±, ftt"-A£rx 
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tt)o fctiit tVn^^^^T, RF m%r<DTs('<?-y%mi1- 
3 0 • *>^fc RMS VvfWm^^Xit, RF ft* 

*'S:iBl«-f5l-l±7'^^^*>ct^ = -^A^i-5fci!)0 AD SEiftSt LT, 

~CD3PJ^ 1 OWl^li, 100msec #i£<Z)^7^ h f^T* f— ^ v> y ? fo 
5 VMi RMS y 9 5 * PJ^^^eSrgW^ - £ T . fe5o 

~(D?m<D{k<D%$}&, &$t<D RMS ^^^PJ^e-^v?y^SlJ^*Clf fettfc 

d^^^S-ffi^ g «t±* ^-7 TVt'ft v= * an^B&TOjfeSrH^ft 5 

fc e- ^ v? y * x f±/2£tf rms y * m&w%.vijm%& 
z<Dmw<Dm'<zm<Dmit ad ^ta^jy^mwrn^w^-t 

* pj£2r£&DVXOT 2 9 ^ L/cfeMtti^cD RMS i> y 9 ffl^Milt 
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ID 2 fi Pentium ttOt^fy^- £ n y 9 K?'!' ^IsHgSr^-TBTfeS. 
HI 3 (l^ > — ^ v-^x A <t iifSv-^ r A© P L L cottf&^-fH^&S. 

m 7 (JUtM/i^ro £ #©ftftJi&#&ffi&©ftfm^£^-t-o 
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^4 y^mwrn^-trnM^m^^i-mxh^. 

HI 9 a fi/U— y^^^SKSr^l-^T'fcSo HI 9 b Iii9a ©M-A^ £ 

mi ifivcoii]8g<DH?<]£-^Th 0 

H! 1 2 fiy p v9<o^v9<r>— M^^ir 0 

(211 4iiMJMs^©ffi^{f^©*^y- h/Hr^^HTfc5 0 

H 1 7 |±A*SStii*S:«-JD tfcVCOW^fyp y^^T'fcS. 

HI i 8t±A*«K#S**#*LfcvcoiiiK^^ffi/j:«!sovcoiEittS'^i-y 

HI 2 Oliv'y =l i/~i/3 VLfcP LL0JES^^i-^n y^MS. 

HI 2 3 f±a#ROffi«{ciof-tS tf-y *©»JJ£M&7F-t-iat?fc5o 

HI 2 4 f ± tf — ?i>-y?(D %mi-&$m T* fc 5 „ 

HI 2 5a tt^Py^ft*©-go^P^^Sr^BlT?*)5 0 HI 2 5b fi*©-gn 
y n * £©HJfB# Ji m *7fi1-® X h £ 0 
HI 2 6 (±fi:4a«l*©ft^ t ir n y p J; 9 ^« £ *L#5ffi »l 

HI 2 7 (±^*5jzaDT*«3-fef p^ p*£?M-|8-C*)5 0 

028 fill RMS v?y ^^a'J^^i-jfe^HT-fcSo 

HI 2 9 { i R M S V y y* <7? $J £ ^ £ ^ 1" 1 1 jC HI T? fe 5 . 

0 3 Oa ii7yyi,<iMffw»%l^^i5l«^^tlt'fc 
5„ HI3 0b li^lf^t Lry>^Ai2:t@^Pffi-§-^^ffi^ti5li^M^^ 
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H 3 3 tti* y * PJ fc ft O-jeH Rft«*«r*H-B Xh 5 „ 

H 3 4 1± ^ W I- J: 5 y ^ S'J^K ^fffl L fc ^ y * zl£ >^ x A £^1" 

0 3 5a 12 Hilbert ^fetf M^Tj^lT'fe 5, HI 3 5 b it Hilbert 
&^<DXt}mt*^-tWX*&Z><> 13 5 c U Hilbert «#£^«a^$Oi? 

|36a H^ta ;y jR^Sr^ilHT?*) 5 D 13 6 b 140 3 6a O^y^ittl 
& FFT Lfc*^ f*/uS:^HT?ifeS, [13 6c tin 3 6b h/Wc&L 
#i*aifi7-<^^y>^tfc0-C*)5„ 121 3 6 d HH3 6c h/^SrJSS FFT 

13 7a WB#S^^^C0A^m-^^^-rHI-efco o 13 7b fipfl#{£*@£ 
Sirfia-CifeS. 13 7c {±T>7 5/^{i1f^^i-lT?fo5o S3 7d SMt&fg 

13 8a iiy =Tfiz:ffi^SWA^tB«|»(t)4:^-Min?fo5o 13 8b {±y = 
7&+ll^±S©tti^A(|>(t)Sr^1-|lI-C*feS. 13 8c f±y=7ftffll&£S£?jH- 

13 9a liA*^Py^ii^tit'fc5„ 13 9b |±^WA<j)(t)&(7?tb^ 
Sr^-rHT-feSc 139c li-tfa? P^fe©m^JiS8^-rBI-efe5 0 

14 oa ttmmtn-m&^&^mmmttzm^tcitytmfcmwz^i-? 

p^TO5 0 14 0b f±A^a{-^n^>fy^aSrfflv^t^y^j|!I^M 

14 2a fig«^^ h/^tit*J)5„ 14 2b fl^^ P ytmfr-k 
14 3a (4 1 3J!teSii9iK*TOgii^?p^^^ h/^^tlTfc5„ 14 3b (± 
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Et4 5f±MOS • F ET<Ds<y /-?%7Fi-mr*&Z) 0 

M 4 6 |± i? v 9 ifi V > P L L IsIKSr^i-^ B'/^HtiS. 

El 4 7a fi^y^«s«:v^PLLlHlK<7)VCO«)A*t*itt3«)Bt:^-t*H-efc 

3, H4 7bii-e©m^^*3tt54sjg«r^i-ia-eife5 0 

El4 8a |4^7^^^PLL»VC0(D[iiMMMt'ib5 o 14 
8b l±-t©ffitt*t#©ftJKSr^i-H-e*5 0 
El4 9a l±^y^dUj;V^PLL|HlK©&+0*t#©«»^Kll^i"igT*fc5 o EI 

4 9b i±^<7>«£^-tii-efc3 0 

El 5 OSiv^^fcSP L LSJg^Wo 5/?ElT*fcS 0 

115 2a (±v f y^^$>5PLL|HlK«?VCO^ai^J^S:^i-|gT?&5 0 HI 5 
2b fi-tOffitlttlf^&^Sr^-t-EI-e&S,, 

5 3 b tt^^jejEfSr^i-H-efeS. 

b J±fe;jl3$^«m£i£ K J; 0 t fc A d, (t) Sr *r 0 T* fc 5 „ 
H5 SfiRMSv'y^rojt^iitSrtfcKI-SH-C-fcao 

156a |ifn^o^fe|:i •? Ufc fcW * £7f1-|3T*&5 0 El 5 6 
E15 7l±tr-^^y^©«6]£flfS:Jtfti-5Bn?*5o 

El 5 8a |±-£n*n*j£(cj: OPLL^o y ? Lfcr^£^ 
-f-0T?&3o 15 8bl±A*(t)jfe^J;"3it^tfcffiffiJ4lfS:*i-K^@T**)5. 

El 6 Oli^SSnt^.a y^^^--^^y^«^li£^J:te5-r5(i-C*S)So 
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H6 lal±3 ffi«0. 15Vcoa#<£fiysW*^ h^S:^"fjKJeH"^fc5o 1216 
1 b f4 3 a 0. lOV^^ffil^ili 1 ^^^ h/i-^*«01It : -fe5 o 
[2] 6 2 {4 Hilbert '»M^-"^J^^rt012l^fe 5 a 
!H 6 3 (4 Hilbert ^#<Dffi©fl«r^1-*EJE?H-C*>3o 
[H 6 4 (4 fc°-^ y * tf>*Sis£M1-5 fc#><7)i£M-e£> 5 0 
[16 5f±lf-^^s'^0«l£«[*7 p n v V 

[H663 i4JiigW^^^PLL[53?§(DVCOA^^^1-«l2l-t?fc§ 0 H 6 
6 b Wtj»jS|E4fe«dS * V ^ P L LHHjNJ© PLL^d y^Sr^-t-»3KB-C*5o 

167 fi^wflrwft^ft 1 1 ©s^j&^i-y o y $ m-?foz> 0 

me s mnmmm%m i2tsxw =^rmm^ 1 3 <o^^m\^ir-f 

[21 6 9 f4)l¥#f{f l l<DffiiC>jy£M£\ h/u«^£ttJpLfc#iJ 

HI 7 0 af4 2^©l^Ji|ftr7Fi-ia-Cfc5 0 I70btt|70 aO^SSOA 

0 7 1 |i#JS Lfc^^tfo ^ > n * a -7" -CSlJfc-f 5 

[21 7 2 {4^ 7 lros/^rA-eilSUfctr-^^y^ir, £JB*©#H«CNfc« 

HI 7 3 f4!U 7 1 © -r A L it RMS v> -7 * t #H3§©#JS&N £ © |H£g 

£^-T[2IX!-fo5 0 

121 7 5 14121 7 4 © x A L ft t°- ^ v 1 y * t <0 #J3feN £ <Z)(W 

12f7 6(413 7 4<Z?'>^7 L A-Ci!l^tfcRMS ^ y ^ £ #J^#I©#J1$CN t ©§8# 
&^1"I2i-C'fe5 0 

[2I7 7(4IE^^Sl^n y^ff^^T^Dyr^^^mggir^V^U-^ 
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t-^W^^LT, ^rJvt'ifc, RMS v 5 y * £riU/E Lfc3&££^-t-BT*fc3„ 

[18 0 tt^JBjRtt ^P?^«t*rtP ^fv? * /uggMS ta^w? ^ 
Ltt^ RMS v> -y * S:SB!I^Lfcllt*«r^-t-H-C*)5. 

H8 1 & it^ v ? v *<Dfattmm(Di; v ? z^i-mx~h% a @8 1 biiig^ 

HI 8 3 t±B 8 2 ^ Lfcllfl&W-fctt 5i£f£tf? d * cr ^ifMIOt 

|2j 8 4 f±« £V ^ ^ wVuflW gift & M V ^ fc f- ? y ^ ©SS^gfc 
©#j« 3:^1-0 Tfife So 

B8 5f4j!8 2j^LfcH16fiSj<0^gSrfflV^fce-^v f y^<7)S!l^^©^ 

H 8 6 (4 f- 9 'J v 9 <D mi££M&& %iSy?(D fcf- * W £ 4 0 ^1"^ T 5 . 
H 8 7 « If- ? v 5 -7 ? WiJ^llf^^ ffl¥^fC^ 4 !3 

So 

H 8 9 it RMS v -y * OjHJEIHM$*S: •> * © f - ? ffit- 4 <9 S Q 
I90li RMS v v 9 <DW%n®Mi%:Zi? ??<D& 4 !9 HT' fe 5 o 
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So 

&7F-rmx*&z> 0 

^(D-tfn^P^f-^^WiSSr^-rilT'&S,, @99cli T s = T in 
%\c «fc 19 tf— ^ y * Sr^-fH Xh § 0 
Mi 1 0 ott T s <T in ©i^iM(:^MIi»»44)(t)©fy^ 

is 1 0 1 a f±fl¥tffm^s:SP^K^sr^i-[a-efc5 0 in 1 0 1 b mmm^m 

Mbz<D-eu?vxy->zf;\sm%7F~tmx-3bZ> <> HioiciiT^i, T in = 1 

Hi 1 0 2 a fi-tf-^^jftv^y i^O^T T s =T in ©»£|£#*fc t*-£ 7 * £ 
^t@Tfc5o 0102 bfif-^ y^y^topt^ T s = 1 , T in = 1 7 (DW 

H!l 0 3 afiii^AD^^fT?4l^*fi£^i"0-C**)5 o HI 1 0 3 b 14 

Hi i o 4 a tiATJff ^ ^(DifiJi^MT-ii^wif^yy Lfcif-^^ 
/Htt3R?iJOjftJI5S:3Sr0-eifc5o 0104 bttAjftff ^-fcT^y-f-^y >^ 
L fc -y- v 7 s / Wt % M £ ^ -r HI T* & 6 „ 

Htl05a(4[21104a CDIf-^TVMii'^JoOX-^ h7A^f@?fc5 c HI 
10 5b ftgl 104 bO-y->^/HiI^MO^^^ h7AS:^t@ffc5, 
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pll ®ftvmm%v\-m*<ovy*mfe&&&&&t Lxmmzfrx&r), 

RMS i^y* ir©S«li4Sr^a-t-5t-«. ^^ife«i^V^T^*l#^y-^ 

£#JffiLT&#3£«£i-*u£.fcv\ > Gil***, JiES(2. 5. 2)XI±5*;(3. 23) fi r 
(2. 5. 2) XfiSC (3. 23) , (£ffi*tW«E0A* (t) fi? P y ? Ji&IS^^i- 

;tii3tiU 1 6 Sr#RS)„ LA>U t> L«»«tM&'JT*£;N2, ffiffiftSr 
4i-rilc»JtSi-5. 03 0(b)fi«Wft^£*&1- y^H^iH^t 

-o^s. pll m3&coi^ipi5Sr#x.5 b , m 3 1 ic^-fj: o^mmmmmm^ 

(voltage-controlled oscillator; VCO) <D%M&J& : £:ffl&riMt$r t «t 

<D%W\z±Z v y * ai££g»§& 1 3 2 !:7'p y ? B-C*H\ WZ. 

tftKS PLL ESg 1 7 fot>(DT-rulf<n9 p y ^K^ttT^n ^^/UfclftS 
ADC tiiU^^/K^^ny^ff^-t^nT, flWff 1 Ult© 
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Hiiben ^&^«§^#y&£tu ^fr&vmmmvmmm^&znzo z 
mimtf y =rfiffi^#a 1 3 ry ^r^fe^i^*^ 83B#&*s««5h 

PLLIIIi8fil«T*ffiffi^&£i£1", vco [cjB0-r«7^yA.v?y * 
ftftgU bo£ ^y^^Mj^S. El 3 4 (i^SSW* 

jjck , z<D%m£&m&hizVv? M =* y x a k o -t* s „ 

HI 3 2 SOT 3 5 #2E&« HittC Hilbert mm^sm 

l±* p y^«»x c (t)S:*Wflr# z c CO ^SElft-t- 5. S(3.6)±i3 x c (t)o 

Hilbert 

x c (t)= H[x c (t)]=A c sin(27tf c t+0 c +A(|)(t)) (3.34) 

Zc(0=x c (t)+jx c (t) 

= A c cos (2rf c t+G c +A(|» (t) ) + jA c sin (27rf c t+9 c +A<j) (t) } (3. 35) 
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? p y?m2<Dm^fc<Dfy%M$fin£r^&i-% a ill 3 6a n s/^igtf^ 

6 7i^^1-J: 5'^FFTlfP2 Hcitl^oy^ig^SrFouriergElfe-rSo 
t&MktDmMX'*? 6 bt^-Tc 1^:7^/1^2 2 1Cj:i9#i©^ 

feM^£#yh1-3„ PH#!-, H!3 6c tc^i-i^^^D s^&71^£«<£> 

^^Milii^^/l/^ 2 2ICJ: O&'SttSi-, BP^, nco^x y Hilbert 
i«il7^^!Jy^lB^fT^9o 0 3 6c <D*-<? h/l^^FFT &2 
3 t± U Fourier W^-T 5 t«M^#ttt5 D «iii§7 JJ 
J;DS^jg^ia^^«S^^^Si5tfltfc3«i^, 0 3 6d »ft¥#NS^(i* 

p y?m?(om*m^fc u l& x c (t) him >i£<^n(^o-o^ 0 

1 . Fourier ^m^ffil^T x c (t) 

3. ifiig Fourier i£»£ffl^T*-<^ h^£B#P B TO^«-r 6 D 
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0(t) = [27if c t+e c +A<J>(t)] mod 2n (3.36.1) 

m-t. oj!)068 ? 1 2 mmtw^ z c (t) ©pbne 

0 (t) =27tf C t+9 C +A«j) (t) (3.36.2) 

^#b^5 0 SSWS^Tyy -y^MSria 3 7 bM 3 7c $ & 

o y=7ffiffi[27cf c t+e e ]*y-Tffi4am£»2 6T?«i^r5. e(t)a>e> 

0(t)=A(J)(t) (3.36.3) 

J pp = max(A(j.(k)) - min(A<j>(l)) (3.37) 




(3. 38) 
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£*5o mk, ~ commit z>^m*A<b(t)fet^& 0 

x c (t) = A c sinf-^tl (3.39) 
V T ZERO J 

z c (0=x c (t)+jx c (t) 

= A c sinf-^-tl- jA c cosf-^-t ] (3. 40) 

IJZERO ; l T ZERO J 

featS. £ (3.10.3) J; 9, z c <t) ©l$ft#TOt£ (instantaneous 
frequency) f± 

_ M («(t) dQ(t) x c (t)x^(t)-x c (t)x^(t) 

f(t)= i7 = ^r = Xc 2 (t) +Xc 2 (t) c } 

f(t) = — — (3.42) 
T ZERO 
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mitWimfein^rfD-tivtux^X^rViibhfrX Life i a — tyMfefi, m 

s 0 mz9it, tse*o-^n^p^ifeiA«j>(t)ife©7 f -^s:itttt'rv^5o ®?mm 
~-x\ a* (t) ^ if a#vxm<DM*ikmm(D±.mi:itmi- s 0 A+oosfc© 

H^tF H 1M^-tPS{i±Kl!tfc*^bW^5 0 HP*>, Sffi7>7';^~|6f,i; 

^u^^ffl|^-efI«^n^}ttiff^^^l/\ mtf, S: (3.23) XS-Z-bXiZ 
x c (t)©jS«fcl±f c T*fc3tf^ *^bilHS©±IRf±i/2 f e £fc5. 
if p ? n *£©^ffi$#{tlSJIl©±P£{i 1 / f c XhZ> a 

ES^P (quadrature modulation) £J3 Wc^7Mt¥&^O^T IPjl 
^oaytfi — ^©^P y^JiJSt^f±5^Sl-^2.5'f&©iJ-a--C<t 9 
ill«i^tV7MTt^ 0 lot, v^s'^aiJ^fetSJ^^^ffi^o 

3 D El 2 8,&lfl8l 6i6»b^»5±5^, i?y^Srfto^Dy^iK^|i^oy^ 
nytm^mmmmm^r (bandlimited signal) T?fc5 D -<Dtz&, ifi^M 

cos(27t(f c + Af )t + 9) + jsin(2Tc(f c + Af )t + 9) (3. 43) 
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^ [cos(2rcAft + (0 - 9 C ) - A(f)(t)) + jsin(27tAft + (6 - 9 C ) - A<Kt))] (3. 44) 

ffi^M& U x c (t) ©PSt^ta «:W*flWB«iJ£*fc <fc U «£-t-5 1 . 
©(t) = [2n Aft + (G - 6 C ) - A<|>(t)]mod 2ti (3. 45) 

0 (t)=- A 4> (t) (3.46) 

!fe©ffi#{fcffli£«tf>TR£ 2 f c *»e>2 (Af )^t/hS<t5ri!l'-pJ5^ £ 

^^^la^^-ttTt), ^«OifiS#f)ti5. o^A^n^»x c 
(t)fi^tT' cos(2 k (f c +Af) t + 6)&mM-£tl. s c(D z drf-©ffl^ f ± 

ADC -ery^^MliIi^^ ^(D^'J^Mt^mmt^Wk^l liL 
-C©Mi(i Hilhert «M£j&^#yS£ft3 0 

^ T meas,ZER0 ^ TPg^Wtl^tJIMA f (^£J"££i~ 5N^V V h CDA(j>(t) £-t|X 
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L meas ? ZERO - 



(3. 47. 1) 



(A f ) -CN *V ^ !> ©A* (t) Sr«K#fc1- 5 © fcg-f 5 l*B3tt 



ftf>titUoT^5 0 Hi 4 l ic, A«|»Ct)jfei^o^p^jSfe^fe©itV>SrtblS 

a* (t) o«in»^f±TE«5r ^ =* y 4 ^ 5 n i fi-e * *i \ 

HWffS-§-z c (t)*Jtirr5i:tJ-f±s S»* Fourier SElftSrffl^ 5. 
x c (t)w(t) (x e (t)fcSHftw(t) Fourier «r5 0 - 

(MiKic 1 7«:#HB). rcDfcft, Si£ Fourier SliCioTlff Ifc 

»)i5x e (t)w(t)tt, mm^ntmko) nn ftau: & <^-t , 




(3. 47. 2) 
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Z<D^m^iX 1024 yf^> h©x e (t)a»e> 512 ^yh©z c (t) L;Nf5re£ 
fcv\, c it*, x c (t)MJF5f2^->^T^TO^tLTV^i^i-S 0 z c (t) 

©i^^ffcfcii^fc&Kfi, jS^E^^y^r^-^amtT (overlap) 

K£U #«FIBIZII!^»l£:l-5 2 e (t)SrfHIU b"C^ft© z ,(t) Sr 

z e (t) Sr«l^1-5 t # lc»±, x c (t) ©««'J^fl ua>#x.fc^&H8fc£ 
fflV^^t-CfeS. ^CD^^^fc-f-^^iCti Hanning "CfcS (tic 1 7), 

7;^'UXA4 OSWflTf-©*'** h^&«fe3ei"5#W) 

1. KM^y77 3 i (116 9) ©jteBS^fjx.ttJSrJSOffi-i-. 

2. x c (t)t'^TOw(t)Sr^lHS:^gii3 

3. Sig Fourier M^P 3 3 ^ «t U x c (t) w (t) £:Jai£&fcttile^ife-#-3. 

5. KjfiFourierJS!SiftfBJ3 5tJ:5^^ h/ufri^lWWSjc^aEftU z c (t)w 
(t) Sr#5„ 

6. z c (t)w(t)tJSB8*©ffi»S:, SH»«fc»IIICW 3 z c (t)S:»5. 

7. ftJlgE»^y7Ti»P)x e (t)S:K!)mi-. ::©l§3\ l oftir© x c (t) t f± 

1212 ll:jpLtI8^aj'^«Mffl^t r^oS«fiO-trp^p^E±7cCO 

IP*>, fnyt Fourier «U g#i£©J3]ig&fi£#£3$ U 2 

Hli^SMHoit5 0 r©^-<^ h/W* Fourier i»SE«IU*BlJ«« 
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»l&£Lfc*-^ hJ^^i-o H4 2 bttt«55K^t Solos' ^ift^Sra 

v^^©iftpi6feSP5J-fdf^qx.^v * £ , tBfcfilil J4*£ <4&ftk^t 

PLL SSg-ilffl Lfc«^o^TlfiM1-5„ PLL IsIKir LT, &3fc&flf©tS&IK K 
iSPTffl^Lfc. PLL HlKSrfflV^t, 14 6{^Lfc PLL 0. 6 W CMOS, 

5v t u spice n. a «t I? &mm&mz 0 m 4 5 1± mos 

FET^7^-^^L,t^5 ( VCO (Dmmm&m* 128MHz T-$>5 0 
(divider) VCO <D|g«ff^ 4 ^ U 32MHzWPLL^^ Klgfc 

■t5o spice i/^^u~ : s3i/mz(om^Mmi 5o Pse c -c*$>5 0 {its 

W^&B^itifti'^ =lV—*/s >&Bfrbft%&tl1to A<\>(t)(Dmmi Matlab 

H 4 7a ii VCO ^(75X^1 M^*^ 0 13 4 7 b 14 VCO MMBTrfc S a 
VCO ©HJ;^!7 — hyU&[I]4 8a H^-f 0 8092 > h© VCO_CD3gSljR3fg 
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{C ±&Mm%k" (Mx(i»c 1 8&#$0 mm Fourier^ 

^!7-*^ F^«Hg[£j££Lfc 0 El48bfi, ±IBT/u=ryXA 

7^1- «t 0 fctftff ft 4§^lftS 1 l-CT/V^y XA4T^ftffff^-z c (t)^^!5, ~© 
ff*f«* z c (t) ©BlBf&ffi 6 (t) l 2 T*#t£ U ^©»SI& 

ibfct^irlRltt?*^. IH4 8a i@48b BtttSt, A<t)(t)©/<<7-^ 
^ h/V-Cfi, 128MHz © VCO ©fg^i£^©*^ h/M^ 120dB M^LTV^S 

iH4 9f±, tt*©^tJ^n^fetro*Wt«t5^fei:S:H:iSE-*-« 1 t>OT?*)5. 
04 9a f±, -t?n ^ n ^&fcJ: !3 VCO ©3S«0©PB#OT£PJ£ LfcfemTfc 

£^i- 0 2&flHSfc^*4^flK*MKffl (1 OMHz-200 MHz) <DM? h^Z 
flBKSifl^/l^-CBjttftHU Fourier <t 9 A(j>(t) £#fc 0 r.© 

ID 4 7a a>P>, JH^icr y"/-^/^!!^ 1127 nsec ©B#£ljf^ VCO -TO £tl 
TV^©^^3 D ^) 908 nsec fc#J 1314 nsec ©H^Mf^ 2 o©/^»y £ V ■ ^ 
/^i«VC0^filJP$il-CV^5o r jXfiv'^ ^Mffll^fc PLL 0ifS©tt^ 

Mftlt^lMO nsec©^J{-^HT^5 0 2 0©Jl«;T^-^/U*©!£W 
K.fc3fitflSEfl:#tt02O nsec 1325 nsec ©fl^JlcStflTV^, -ft&ttflfc 

— * (deterministic data) Vfo% 0 W 4 9 a OBW^jaJDJTffi, /I 

«7 ^^-/^^©.^#[^J:5W^»J©^ftf±^ 1130 nsec ©f^lJfCi&tlT 

jg^©:y>>>-^^©^P!^J:5P0#/ll^©^ft^^91O nsec ©B^id 
S.^TV^©^-T**5 a ^ 1314 nsec<D^M<omfc&y$^-s<J\sX<D%m&M 
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m&M ttmu r j; § y * mfe^mmmmgfefcfctt L^xh 

BEfciJ^fc «t 5 fc, vco KftfljflHIIF&fllJ;*., VCO (O^mm^^M^J 
KUm^^^Z-hKl 5 PLLHHS©^^*:^ aWi/g ^-e££„ ^OfPJI 

££*fc D $e>[C, SPICE iXS^ix— -> 3 ^^J:"9ia5 Oi^LfcPLLlSB© 

H5 la 14, #£;*||^)3a£0.05 v t Ltzb £<D vco ^©A^R^SrSft-. 
Hi 5 lb(4VC0©»|gSlE^-C*)5. US 4 7 a tH5 la £ , *J*;9o>1t 

X.XV^©]J^^„ VCO^a^^-X^ Wl'SrHS 2a *££ 

T?feSo HI 4 8b tH5 2b *tb$^1-5 «t, A<|)(t)^l7-^f#AnL-CV^5©^ 

H 5 3 14, «Wif p^o^i: tc «fc 5 v= y ? aiJ^fe*Jtifei-5 

(»X'&Z> 0 H5 3af4, -tfP^ *} VCO (D%m&&<DffimfflWl%ffll&L 

tzlfemXfoZo [H5 3bf4, r.«?aWfCi5i?y^ai^ftSrffl^-ritSLfc 
Ac|>(t)*7p1- 0 15 3 <tHl4 9*J:t^i-5 t, ^Jfc^S&^^fb!)^ < Mfc 
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riSr5t*L-CV^5 0 £?>^> H5 3a irlH5 3b £&Io£< It^S RW' 

t^^s, ( n mmmmkAbWte&^^^mux'hz, u>>u (ii) 
$k±.<Dm$k*HLk#>z>b, zomwizx&itvfmfe^m (a* am) \±, m 

mtZ, fcfc*U RMS v^S^oV^TIi, A<j>(t)?££ h^fctS:Jt« 

0 MHz — 200 MHz) (Ditmm^^y-^? h/Wafq£sRtf>, 5£<3.33)&JB^T 
RMS vV^ 7 JmsSr^Lfc. ^1 5 4a <dH< » 9 o£ ^tzUW^toMimMm 
{Cttfo-fZ*^? YfrX*hZ> a -lis Ac|>(t)&f±, ±IE7-A^!JXA3 fcS; 
(3.38)£ffl^T J^^Lfc -*U±. teM^7FM<|>(t) O^bffifrSffSI- 
5 0 #^«©3cj^0V^?)0.50VfT;ft 0 5 0 Lfc PLL IhIK© 
VCO^A^Si-APx, VCO RMS ^y^*^#^Lfc 0 @5 5i^t 

f - ^ ^ y $ tf-g n 9 n * *JV ^T3g£1~ £ t l±m b ft ^ ^ i: 4: » U X V ^£ 0 
K±«mttfc5^ r^IKia^WSli, RMS v^«S-OV^ 
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MHzOPLL^n-^|»5 0 @6 6 b L L^n y^gi^f. * 

T PLL^ 



*PLL = 4 1 



4 ^ 



{3. 48) 



(3.48) ^(i^ o y ^O^y^ SrfilEtS W$)5 - t&ftfrZ* 

HI 5 8f±^o^a^ifetr.O3fiWt-«t5A*(t)ife*:JtiR-f5 1 £)O-efc5 0 HI 5 

2^mmw.^^^nmmm (2 omhz -5 9mh z ) 

V /^mmmMy 4 >\>$ X*m *) m U Fourier ± *> A* (t) £#fc 0 

PLL^n-y^(DA<J>(t)ii, 153 b l^tVCO©«ff^^*fefcA^(t) 
t < aft 5 r. t tfftfr&o PLLfuy? ©A4> (t) f±fit!^il^,££$|ff L 

mm^<D fe 5 ^Jfl^ y i? tStlt LTV ^ i i: S:* LTV ^ 5 a» e> -e& 5. 

1215 9fiRMSv f 5/^4t3£iKS:Jt|S£-rSfcroT**)5o h^jfeli, (i) 

r fr «t 5 a* (t) &® 7 /u=f* UX^4tffl^TPLL^y^> e> A<j> (t) £ 
jft^U (ii) 8 0 9 2tf^y V<Dl$(t)\Z r>=vA4l!«J (friRfi^iSfc 
c l 8^#bs) Fourier J: U 7-*^ h/Mlfl£BStt«:Ji 

£Lfc 0 (iii) fvH£ii 2 i^M^^ ft t'fljlftli (2 0M 
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Hz-59MHz) ©tftit^^-^^^ h;Wfp^*ft, 3$ (3.33) SrfflV^ 
TRMS *Jy9 J RMS &*£j£Lfc 0 — 5A<|>(t)i£f±, 

(3.38) SrfflV^RMS^'/^jRMs^lfc. B 5 9 i^rf «fc 

3 o^0.05V#I^ A*(t)fe-C*«l3eUfc J RMS ©i[O^S 

^:#<^orv^ 0 ^oasfif-^^s/^ j p P i:o^T©fx y^%h-m 

J?ti J RMS Srl/3.7CLt:v^5©^3&»5. 
116 ofifcr—^y^^Bfc&i^S 5. A*(t)SHp^xfe 

0.05Vttj£T% A<|>(t)&-e*££Lfc J ppOfi©^^ < ftoTV^S. 
B6 1 a H3 a** 0.15V (i?P ^ p KtfBl 

rot^oWf z c (t)*rH6 2t^t, avHStfagM*^* h/vofc&K 

W3 2MH z t'(j:^\ La>L, 1 / f / -f X© z c (t)ttlE^IB«Lfc* 
Mt?l»tlitt*Jfi?ft©HilbertSEjft*tt , 4*.e»ii5. fot, 06 3i:*tz c 
(t)liB2 2<PHilbert£J*#fcRl^f;:ft3o z c (t) {iMiiiftff<M££»ofca6, 

A<j>(t) fet'iSL/: J P p &tf J RMS {4At 4«4rK5. 

06Oi!5 7£lt-<5£, i©a*CTIw*5fJ-5 4^-JH(±J PP £ 1/3.2 

ei±<^*S*S:*i:«>5fc, A4»(t)ifcli#Ja * p ^roRMSyy^t^y 
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R<D-tfD^D^a»&*6J&-T?*5ri:S:tfeEELfc D £*U4, A* (t) ifej&H? n * a * 

?tm±ir% pll 0K^A*(t)ife*affl-r5i:, r©A*(tm#{fcteirsFiii£i;: 

ttl,%®i-e&ZZ.k-t>m&&tiit 0 -t<9±, f $ y 9 k RMS v 5 ^ ^t^ov^x, 

BP*), M^OT 3 2 plffliWtJ: 5 PLL Hjgg l 7 teffrbot a y 

Srt,±!3 3iyi?-eM;^fdn5T (toggle) 7^ y^ny^ffl^St, H 7 

fx c (t)co^»^fsi< ftott, TtP^rv^^M ADC i*Wift*fmt£ 
^ n y ^ W x c (t) <D t°— ^ y * «t RMS v> y 9 J m t J mi t U 

rft 6 ^ y * j PPK , j RSWH tt-tft-m 

J P P„=Jer. /N , Jbw/N (4. 1) 
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#5 0 =.<D^t*m7 iic7jki-w£mz£y)fem.~t% a w*>. ate (mmmm 
E^ife^^ v> <y?\z£ v{mmm$tix v y $ mm <* *u ^sftJtra * 

* n y ^{f ^#BS5 0 T?M#© 1 I^^JS £*vt h !J 5tf« Ltri>^M 

pp t RMS i?-y?} ms mm U ;tLb ©il H! 7 2, 17 3 i^iV^^ 

■to itLbH7 2, 17 3irfc^TM(±^JSi^N^^^L. Ifcttftv' y 

RMS i^y^t*l=Nfrse{l2**fcl*©ira£ltd*l/N©ft*i:taiS--SU-Ci3 

4 tiess f sine ximmmztitc? yyj*m% b w rand k j: u >>y * 

" ^ p¥fi& 4 6 TfcfS$i# W A * (t) T t°- ^ v y * fc RMS S? y * t 
«Lfc 0 A *f¥ft^4 6l$mtL&M3 2t07to^^^f« ADC, fi? 

ffiff ^H£&8 1 i , 12, y =7fe*ai&£g& 13, y ^ t° 

jft*fcfcT~*^y*, RMS ^y*£^tl^tl0 7 5, @7 6|l*t, rtLfeU 

fdfxrfc^, HI 7 5Wfii/Nitj|t'*5 0 rtLe>H7 5, 11 7 6 J; "9, 
l £ A *(t)fe«rlS^*3:i£K.fc»?Wa«fc< s'* «:ffl2£T?£ £ 

o$ 9 HI 3 2!r*J^-CftW8k PLL IhIBSI 7 =fc "9 <30^ n y *ft *x c (t) *5>fl 
^4 1 T'N^-CO 1 lcH«feffc#J3 L, -^(D^JH^tLfc^ n y ^Mf -§-£7* v> ^ * 
5E(-rn*Hilbert^*SEt^gH ltlitWfifM^CliL, 
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£$4 7T?Njg-^Sr tiwJ: 9 *p y yMf^-x c (t)«?bT— ^ i?y^t#*5r 
4: Sfc A 4 (t)£ SHUTOUT. ^©Mi^4 8tN§t5;ii: 

J: *) £ n y y"ff ^-x c (t) CO RMS y 9 £ 34*1?* 5 B 

ADC ?5S»f^prtg^J:5l-^3&4 l©^Si(NSr3g^1-SrtrJ:'9, 

040 a iLTF-tmtm^^^xb, &mx^£ 0 \z.mm pll m& 1 7 <t 9 

5 0 HtitdBU 0 bJ^i-3e*M(-*sv N "Cfe1fiWRPLL@Ki 7,fc«?©y-pyy- 

A^&g&ADC ©ft9 ^ 5 1 ?}SffiV^&ix5 a 3^1/-^ 5 1 g 

y^»x c (t)cou-</u^S2pri-p y*V R J: tJ/hT*fc^(i, gr^ffit"* 

ft&AJjfvytmMx c (t)#SAyWC, ?By£»x c (t)©£*ftjES 

a*1/-?5 l«A^ffi!l('^P y^Wx c <t)e&£#«&#&lMffl*-{£ttfflii 
(Xf±«li§) 7-f/u?5 2l:R(t5iJ:t\ = 5 l oW^jfS 

•^•O'jS^ifit^ VCO (Voltage Contoll Osclator) C0ltijj<D "J y y" @32 
5 1^^f;I^i^fl:, t"?y^|;o^T|7 7!: ( RMS ^y^K 
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jft»ADC*ffl^fc»^ eAtta^W'-^S l«r/B^fc»£-C*>!K «5(*ttT 

\?—J?*J y ?\% 0.9454, 8 fcTy h©^§£-(± 0.9459 T*feofc 0 ^^W^5 1 
«r/BV>fc#£li 0.9532 T'fc"5, ai^U- * 5 l Sr/B^Tfe, T1rv?7*J9 

#0M»4 1 Ltzi$j3<D¥~?i?V 9 t RMS i? y 9 &|W|^M Lfct&J^£ 

B7 9 fcB8 Ofc^ft-^MW*. t*— ^ e?y^t±=v/<u— ^ 5 i^m^tcM-Sr 

it 0. 3429 T'fc 9 , Tfc^^/« ADC £fflV\ ADC # 2 tf y h<D 

S^-fl 0.3420, 8 h<DM£H 0.3474 <bft"9, I«»#t3^W5 1 

RMS ify^|±3W<l/-?5 l*fflV^fc#^"li 0.0500 Tffc 0 , TtP^^ 
/HSE*» ADC fcJBV^ttf) ADC i«2 t'y htf>*§£(± 0.0505, 8 tf y t*©»£-|± 
0.0510 -C&U, l^rfflV^Tt 2tfr©WST* RMS i?y 9 

^^/^-^ 5 l £ffl^<5l§^t>, T^p^p s^iKJ&x c (t)*^S4 

vy?&x c (t)lz&B:8*:S U *<Pffi*iIifl7 4 A'* 

m^^T-^P^xv ; ^^«1-S^^ADC(75{-ti9!r2>/^--^5 1 c&fflV\ 

T-f P^xv^^^^-fSW^ADC wsu— * 5 i sgrfflv^r^J: 

>f /u * J; 9 ISM IIS K JH M« Lfcffi^^T-t-p *r v * yufg^-t" 5 U 
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l&JBv^5»£\ fflv^v»ii^o^^fcBffiT?S5 0 Mi-He 7, 
■fiWfll«iftS l l ^©A^fS-f-i: U ^3x5>Ht ^^Clft-C^i" J: 5 \z.T1~* 
^f^^/i^M ADC ©ft; ►) 1:3 y/< i/-^ 5 i£#H\ =^/-«u-^5 l ©iti 

Ci) ^(t)ifett by Lfcv\ (ii) At(t)a»&. fc°-^s>* 

ir RMS 5^y^Srl3I«Ffc«l£-e#5. (iii) A+WSrfflv^SLfce-^^y^ 
tttt, p n ^feoMIi l^^]|o 0 (iv) A4>(t)£rffl^-t«t£ 

L t RMS v 5 y * tti, ^^©i? p * o * ^'©ft^ie t Slfttt £f£o 0 
(v) h5AT-t-7>f1f^«t5^y^ft^*iV-CI±H««S:»3l* 

c (t)cDJS$W 1 omhz x\ Wfefc 1000 Hfflfc&jft Lfzt LXhM^ mti 
100 5 y^tififf-f, vLsiiS.^i:fij^?>tifcH^T s ii^i-§r. £ t^^^§ 0 (vi) 

c (t)OHSfti«i(Sifl»V^^I±^oy^fS*x c (t)SrN^JBt-C 

a 0 wffitff-#t^ r 5 - t j- 9 % o? y ^ mmr^mxh *? , # c ^ p * it ^ 

(vii) m 7 0 i:^-TWTii^^ p v ^ff^-QWaE^i 1 ?, £*>T!P(±, ^p 

N£2W (W(i 1 K±©if ) <t-f5r * a y^ft^-x c (t)©SCt> 
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«t ? ft, ^W^*=v^T€lMw»^^^v^-^*i<z>A^{f-^i; 
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